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(57) ABSTRACT

A radiation therapy system includes a diagnostic image scan-
ner (12) which acquires a multidimensional dataset of a sub-
ject that is reconstructed into at least one image representa-
tion of an object of interest. An image processing apparatus
(72), of radiation therapy system, includes a segmentation
unit (74) which identifies a surface contour of the object of
interest, or other critical structures. A masking unit (82) deter-
mines a non-constant margin, based on the identified surface
contour and appends the determined non-constant margin to
the identified surface contour. The non-constant margin is
based on at least one of anisotropic motion, surface morphol-
ogy, positional uncertainty, proximity to other organs, and
probability of dose distribution. A planning processor (70)
generates a radiation therapy plan which limits the delivery of
therapeutic radiation to anatomy associated with the surface
contour and appended non-constant margin. A radiation
delivery system (40) delivers therapeutic radiation according
to the generated plan.

12 Claims, 3 Drawing Sheets
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1
USE OF COLLECTION OF PLANS TO
DEVELOP NEW OPTIMIZATION
OBJECTIVES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
application Ser. No. 61/286,860 filed Dec. 16, 2009, which is
incorporated herein by reference.

The present application relates to methods and systems for
radiation therapy planning. It finds particular application to
identifying anatomical features in medical images and deliv-
ering radiation therapy thereto.

Radiation therapy is a common therapeutic technique in
oncology in which a dose ofhigh energy gamma (y) radiation,
particle beam, or other radiation is delivered to a patient’s
body to achieve a therapeutic effect, i.e. eradicate cancerous
tissue. A plurality of tomographic radiation beams, or a single
radiation beam, is intensity-modulated using multi-leaved
collimators or other beam shaping elements to precisely irra-
diate the target volume, e.g. cancerous tissue, while limiting
exposure of sensitive nearby organs at risk. The radiation
therapy session(s) are planned prior to radiation treatment
based on one or more planning volumetric images, e.g. a
computed tomography (CT) image or the like, of the tumor
and surrounding tissue. A computerized planning system
automatically or semi-automatically segments the bound-
aries of the target volume and the healthy surrounding tissue,
some of which are sensitive, at risk organs that are to be
avoided by the radiation beam. Using the boundary informa-
tion, the planning system optimizes the intensity modulation
parameters to deliver the radiation primarily within the con-
tours corresponding to the cancerous volumes while limiting
exposure within the contours corresponding to the organs at
risk. To ensure that the target is fully irradiated, a fixed margin
is defined around the determined contour of the target volume
to account for uncertainties such as organ motion and patient
position. Namely, the target is enlarged by a fixed margin in
all directions to improve the probability that the target is
actually irradiated. Relying on a fixed margin of uncertainty
may lead to inadequate irradiation of the cancer, unnecessary
irradiation damage of surrounding tissue, or both.

For example, in prostate cancer treatment planning, the
prostate is contoured and identified as the target volume while
organs such as the bladder, rectum, femur heads, and so forth
are contoured and identified as organs at risk whose radiation
exposure is to be limited. Because these organs are in such
close proximity, the usual approach of adding a fixed margin
to the target volume poses a risk to these sensitive organs. Not
adding the margin poses a risk that the cancer will not be
completely eradicated.

The present application provides a new and improved
method and apparatus for radiation therapy planning which
overcomes the above-referenced problems and others.

In accordance with one aspect, a method for image seg-
mentation of anatomical features is presented. The method
includes identifying a surface contour of at least one object of
interest from a multi-dimensional data set and determining a
non-constant margin based on the identified surface contour,
the non-constant margin being appended to the identified
surface contour.

In accordance with one another aspect, a method for radia-
tion therapy is presented. The method includes acquiring a
multidimensional dataset of a subject and reconstructing the
multidimensional dataset into at least one image representa-
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tion of at least one anatomical feature of the subject. The
image representation is segmented according to the method
for image segmentation.

In accordance with one another aspect, a radiation therapy
system is presented. The radiation therapy system includes a
diagnostic image scan, a radiation delivery system, and a
radiation therapy planning processor programmed to perform
the method of image segmentation of anatomical features.

In accordance with one another aspect, an image process-
ing apparatus is presented. The image processing apparatus
includes a segmentation unit which identifies a surface con-
tour of at least one object of interest from a multi-dimensional
data set and a masking unit which determines a non-constant
margin based on the identified surface contour and appends
the determined non-constant margin to the identified surface
contour.

In accordance with one another aspect, a radiation therapy
system is presented. The radiation therapy system includes a
diagnostic image scanner which acquires a multidimensional
dataset of a subject and generates at least one image repre-
sentation of an object of interest from the multidimensional
dataset and the image processing apparatus.

One advantage is that radiation exposure to healthy tissue
is reduced.

Still further advantages of the present invention will be
appreciated to those of ordinary skill in the art upon reading
and understand the following detailed description.

The invention may take form in various components and
arrangements of components, and in various steps and
arrangements of steps. The drawings are only for purposes of
illustrating the preferred embodiments and are not to be con-
strued as limiting the invention.

FIG. 11s adiagrammatic view of a radiation therapy system
with an image processing unit to determine a non-constant
margin;

FIG. 2 is a two-dimensional axial slice of an object of
interest and an appended non-constant margin; and

FIG. 3 is a flow chart of a method for image segmentation
to determine a non-constant margin.

With reference to FIG. 1, a therapy system 10, such as a
radiation therapy system, includes a diagnostic imaging scan-
ner 12 such as a computed tomography (CT) imaging scanner,
an MRI scanner, or the like for obtaining diagnostic images
for use in planning the radiation therapy protocol. The CT
imaging scanner 12 includes an x-ray source 14 mounted on
a rotating gantry 16. The x-ray source 14 produces x-rays
passing through an examination region 18, where they inter-
act with a target area of a subject (not shown) supported by a
support 20 which positions the target area within the exami-
nation region 18. An x-ray detector array 22 is arranged to
receive the x-ray beam after it passes through the examination
region 18 where the x-rays interact with and are partially
absorbed by the subject. The detected x-rays therefore
include absorption information relating to the subject.

The CT scanner 12 is operated by a controller 30 to perform
selected imaging sequences of a selected target area of the
subject which is to be treated by radiotherapy. The imaging
sequences acquire a multi-dimensional diagnostic imaging
dataset of the target area and adjacent tissue. The diagnostic
imaging dataset is stored in a data buffer 32. A reconstruction
processor 34 reconstructs 3D image representations from the
acquired imaging data, and the reconstructed image represen-
tations are stored in a diagnostic image memory 36. Taken
together, the CT scanner 12, controller 30, and reconstruction
processor 34 define a means for generating a diagnostic
image.
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The described diagnostic imaging system is exemplary
only. Those skilled in the art will recognize that the CT
scanner 12 is optionally replaced by other types of diagnostic
imaging scanners, such as a magnetic resonance imaging
(MRI) scanner, a positron emission tomography (PET) scan-
ner, a single photon emission computed tomography
(SPECT) scanner, or the like.

In the illustrated embodiment, the diagnostic imaging
apparatus 12 is separate from a therapy delivery system 40,
but they can be combined into a single housing. The therapy
delivery system can be an external radiotherapy delivery sys-
tem or an internal radiotherapy delivery system, e.g. brachy-
therapy. Optionally, markers are applied to the subject prior to
the diagnostic imaging, and remain in place for the subse-
quent radiotherapy to provide registration between the diag-
nostic images and the radiotherapy delivery. Other methods
for spatial registering between diagnostic image acquisition
and the radiotherapy are also contemplated, such as using
intrinsic anatomical markers. It is also contemplated to inte-
grate the diagnostic imaging scanner with the radiotherapy
apparatus to reduce misregistration between the diagnostic
imaging and the radiotherapy.

The radiation delivery system 40 includes a radiation deliv-
ery apparatus 42 which has a radiation source 44, such as a
linear accelerator, focused x-ray, or the like mounted on a
rotating gantry 46. The gantry 46 rotates or steps a radiation
source 44 about an axis of rotation 48. A support 50 rigidly
positions the subject with the target area exposed to an inten-
sity-modulated radiation beam 52 produced by the radiation
source 44. The support 50 positions and moves the subject
while the gantry 46 rotates the radiation source 44 about the
subject. The radiation beam 52 has a cross-sectional area 54
with an adjustable intensity and/or perimeter. The radiation
beam 52 can be applied continuously or can be pulsed on and
off during therapy. Optionally, a radiation detector system
disposed on an opposite side of the patient from the source to
monitor intensities of radiation traversing the patient. Data
from the detector can be reconstructed into a low resolution
projection image to monitor the alignment of the beam and
the target and the dose. The radiation delivery system 40 is
operated by a radiation controller 60 to perform selected
radiation protocol as prescribed by a planning processor 70.
Taken together, the radiation delivery system 40, radiation
controller 60, and planning processor 70 define a means for
delivering radiation therapy.

The planning processor 70, which defines a means for
planning radiation therapy, determines a radiation therapy
plan based on the acquired diagnostic image representations
of'the object of interest and critical organs from the imaging
apparatus 12. The object of interest may be a cancerous tumor
or a lesion that is to receive the radiation therapy from the
radiation delivery system 40. The critical structures include
healthy or sensitive tissue that must be spared as much as
possible or have a higher precedence over non-critical tissue,
such as the spinal cord or the like. Typically, once the object
of interest is located and identified an isotropic margin is
appended to a surface contour of the object of interest to
expand the area to be irradiated which increases the probabil-
ity that the entire object of interest has been irradiated, i.e. the
anatomy corresponding to the appended margin will receive
the same radiation dose. The margin accounts for motion
uncertainty related to motion during treatment session such as
pulmonary motion, cardiac motion, etc. or even motion in
between treatment sessions such as patient positioning, rectal
or bladder filling, or the like. The problem with appending an
isotropic margin is that if the object of interest undergoes
motion in only one direction or even two directions, the
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isotropic margin assumes it undergoes motion in all direc-
tions equally resulting in unnecessary irradiation of healthy
tissue.

With continuing reference to FIG. 1, an image processing
unit 72, which communicates with the planning processor 70
and also defines a means for image processing, determines an
anisotropic or non-constant margin based on characteristics
of the object of interest and/or critical structures, projected
motion, and other sources of potential error. The image pro-
cessing unit includes a segmentation unit 74, which defines a
means for segmentation, which autonomously or semi-au-
tonomously delineates the surface contour of the object of
interest and the critical structures from the acquired diagnos-
tic image representation. Any one of known segmentation
methods such as clustering, feature extraction, model based,
or the like are contemplated. An identification unit 76, which
define a means for identifying, matches the delineated surface
contour to reference data. The reference data includes a data-
base 78 of surface models corresponding to various organs
and/or tissue types from which a relevant surface model is
matched to the delineated contour of the object of interest.
Matching techniques may include maximum-likelihood esti-
mators, neural networks, or the like.

A non-constant margin is associated to each surface model.
For example, the surface model includes a plurality of
regions, each region has a margin width associate with it. The
width of the margin at the individual regions of the surface
model can be dependent on a number of factors. Factors
include the morphology of the object of interest, e.g. whether
the surface is smooth, irregular, having protrusions like ten-
drils, etc. Uncertainty of boundary position due to motion in
one or more directions, e.g. a lung tumor may undergo motion
in the coronal direction due to breathing; therefore, the
regions of the surface model which are perpendicular to the
mean direction of travel have wider associated margins.
Physiological function of the tissue to be irradiate or the
function of nearby structures, both critical and non-critical,
and proximity to critical structures is also considered. Factors
may be dependent on the radiation delivery system 40 such as
beam width, beam intensity, beam scattering, gantry speed,
gantry oscillation or vibration, or the like. In addition to the
margin width, each region of the surface model may also have
a weight factor corresponding to the intensity of radiation
therapy beam delivered to the anatomy corresponding to that
region. In one embodiment, the weight factor is constant such
that the corresponding margin behaves like a step function. In
another embodiment, the weight factor is non-linear such as a
gradient function where the beam intensity increases/de-
creases towards the edge of the margin opposite the object of
interest. For example, the weigh factor can also be selected to
deliver a radiation pattern that delineates the prescribed dose
to edge areas of the target with a selectable certainty, e.g. a
99% probability that the prescribed dose is delivered to all
parts of the target, or a 95% probability.

A deformation unit 80, which defines a means for deform-
ing, adapts a surface of the surface model to correspond to the
geometry of the surface contour of the object of interest. A
masking unit 82, which defines a means for masking, appends
the non-constant margin to the object of interest and the
planning processor 70 generates an intensity map based on
the appended surface contour of the object of interest and the
contours of critical structures. With reference to FIG. 2, an
example of an axial 2D slice of the surface model 84 of the
object of interest with the appended non-constant margin 86
is illustrated. The net movement of the object of interest is in
the z-direction, thus the non-constant margin 86 is wider to
account for positional uncertainties of surfaces perpendicular
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or substantially perpendicular to the direction of travel. Sur-
faces substantially parallel to the direction of travel, i.e. the
y-direction in the illustrated embodiment, have a narrower
non-constant margin 86 associated with them. The intensity
map maps out therapy beam trajectories, geometries, and/or
intensity for the radiation controller to control the radiation
delivery system 40. The planning processor outputs the inten-
sity map to a console 90. The console 90 includes a graphic
user interface and also includes a user input device which a
clinician can use for controlling the scanner controller 30 or
radiation controller 60 to select scanning sequences or pro-
tocols and treatment schemes or doses respectively according
to the generated intensity map. The console displays diagnos-
tic images, segmentation tools, surface models, the non-con-
stant margins, and the like. Taken together, the segmentation
unit 74, identification unit 76, database 78, deformation unit
80, and masking unit 82 define a means for generating a
non-constant margin.

The console 80 includes a graphic user interface also
includes a user input device which a clinician can use for
controlling the scanner controller 30 or radiation controller
60 to select scanning sequences or protocols and treatment
schemes or doses respectively. The console displays diagnos-
tic images, segmentation tools, the intensity map, surface
models, or the like.

With reference to FIG. 3, the planning processor 70
includes a processor programmed with a computer program,
the computer program being stored on a computer readable
medium to perform a method for radiation therapy and a
method for image segmentation. The computer readable
medium may include optical memory, magnetic memory, or
solid state memory such as compact discs (CDs), digital
versatile discs (DVDs), flash memory, random access
memory (RAM) chips, or the like.

The method for image segmentation and radiation therapy,
as depicted in the flowchart, includes acquiring a multi-di-
mensional data set 100, e.g. image or projection data from a
diagnostic image scanner. The data set is reconstructed into
an image representation of an anatomical feature which is to
be studied 102. A surface contour of the anatomical feature is
identified 104. For example, a tumor boundary can be seg-
mented and highlighted. A surface model is matched to the
surface contour 106. The matching is based on morphology,
position, motion, prior treatment results, functionality of the
object of interest, etc. The surface model is fitted to the
geometry of the anatomical feature 108. Each surface model
has a non-constant margin associated to it. A non-constant
margin is determined 110 for the anatomical feature based on
the surface model and associated non-constant margin
together with other factors, as previously stated. The associ-
ated non-constant margin is adjusted or optimized based on
the factors which are typically patient specific. The non-
constant margin is appended 112 to the surface contour of the
anatomical feature and a radiation therapy plan is generated
114 therefrom. The radiation therapy plan is executed and
radiation therapy, e.g. gamma radiation, is delivered 116 to
the patient anatomy corresponding to the appended surface
model.

In another embodiment, follow-up image representations
are simulated, e.g. via Monte Carlo methods or the like, using
the appended surface model and a statistics describing a prob-
ability of deformation and/or functional changes of the ana-
tomical feature. A tumor control probability (TCP) and nor-
mal tissue control probability (NTCP) are determined for a
plurality of radiation therapy plans generated from the fol-
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low-up image representations. The radiation therapy plans
are ranked based on a TCP/NTCP ratio, and the best plan is
selected.

In another embodiment, the thickness of the margin is
uniform for an organ. In normal clinical practice, statistical
data and spreading of organ position and functional charac-
teristics are not available or very computational intensive to
use. For daily use, the organs are delineated and some regions
of interest (ROI) are matched with a predefined model after
which these regions are used in the objective functions. The
ROI is delineated. The relevant contours of the ROI are
matched with a model. The surface of each model has differ-
ent areas, for each area a distance to the real border and a
weight factor is defined. The contours of the surface model
are expanded. Objective functions which make use of the
organ contours are defined along with the expanded contours
with their weight factors. With the collection of plans with
(artificial) follow-up images, the distance to the real border
and the weight factor per area of the models are determined.
The combination of the areas to a single objective function is
determined by the organ functional architecture (serial or
parallel) and the type of objective function used (biological or
physical constraint).

In another embodiment, the planning processor 70 pro-
spectively generates an adaptive radiation therapy plan based
on the appended non-constant margin. The CT scanner 12
acquires a planning image of the object of interest and a
non-constant margin is determined therefrom by the means
for generating a non-constant margin. The planning processor
generates a radiation therapy plan according to the appended
object of interest. The generated therapy plan includes a plu-
rality of radiation treatment sessions, prior to each session,
the CT scanner 12, or other diagnostic imaging modality,
acquires a pilot image of the object of interest to align the
patient and to monitor the progress of the treatment. The
planning processor compares the morphology, position, or
the like of the current object of interest to previously deter-
mined values, such as from the planning image or previously
acquired pilot images. If the difference meets a pre-selected
threshold, the non-constant margin is updated according to
the current surface contour. In this manner, the planning pro-
cessor adaptively updates the non-constant margin during the
therapy plan. Accordingly, the current treatment session and/
or the remaining radiation therapy plan is updated to account
for the changes in the appended object of interest. Aspects
which are updated include radiation dose, beam trajectory,
beam geometry, and/or treatment session schedule; however,
other aspects are also contemplated.

The invention has been described with reference to the
preferred embodiments. Modifications and alterations may
occurto others upon reading and understanding the preceding
detailed description. It is intended that the invention be con-
structed as including all such modifications and alterations
insofar as they come within the scope of the appended claims
or the equivalents thereof.

Having thus described the preferred embodiments, the
invention is now claimed to be:

1. A method for image segmentation of anatomical fea-
tures, comprising:

identifying a surface contour of at least one object of inter-

est from a multi-dimensional data set;

identifying a surface model based on the surface contour;

determining a non-constant margin based on the identified

surface model and at least one of surface motion and
surface morphology of the object of interest, the non-
constant margin being appended to the identified surface
model,;
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wherein the surface model includes a plurality of surface
regions which define a surface of the surface model, each
surface region describes a width and a weight factor of a
portion of the non-constant margin corresponding to that
surface region.

2. The method according to claim claim 1, wherein the

surface model identifying step further includes:

matching an surface model to the surface contour of the at
least one object of interest; and

adapting a surface of the surface model to correspond to the
geometry of the surface contour of the at least one object
of interest.

3. The method according to claim 2, wherein matching the
surface model to the surface contour of the at least one object
of interest is based on at least one of position, morphology,
motion, or functionality of the object of interest.

4. A method for radiation therapy, comprising:

acquiring a multidimensional dataset of a subject;

reconstructing the multidimensional dataset into at least
one image representation of at least one anatomical fea-
ture of the subject;

segmenting the image representation according to the
method of claim 1;

generating a radiation therapy plan according to the seg-
mented image representation, the radiation plan limits
the delivery of therapeutic radiation to within the iden-
tified surface contour of the anatomical feature and the
appended non-constant margin; and

delivering therapeutic radiation according to the generated
radiation therapy plan.

5. A non-transitory computer readable medium carrying a
computer program which controls a processor to perform the
method of claim 1.

6. An image processing apparatus comprising:

a segmentation unit which identifies a surface contour of at
least one object of interest from a multi-dimensional
data set;

a masking unit which determines a non-constant margin
based on the identified surface contour and appends the
determined non-constant margin to the identified sur-
face contour;

an identification unit which identifies a surface model,
selected from a surface model database, based on the
identified surface contour, wherein the surface model
includes a plurality of surface regions which define a
surface of the surface model, each surface region
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describes a width and a weight factor of a portion of the
non-constant margin corresponding to that surface
region.

7. The method according to claim 1, wherein the non-
constant margin is determined based on anisotropic surface
motion of the object of interest.

8. The image processing apparatus according to claim 6,
wherein the non-constant margin is based on at least one of
anisotropic motion, surface morphology, and positional
uncertainty.

9. The image processing apparatus according to claim 6,
further including:

a deformation unit which matches the surface model to the
surface contour of the at least one object of interest and
adapts a surface of the surface model to correspond to
the geometry of the surface contour of the at least one
object of interest.

10. The image processing apparatus according to claim 9,
wherein matching the surface model to the surface contour of
the at least one object of interest is based on at least one of
position, morphology, motion, or functionality of the object
of interest.

11. A radiation therapy system comprising:

the image processing apparatus according to claim 6;

an image processor configured to:

a radiation therapy planning processor configured to gen-
erate a radiation therapy plan based on the identified
surface contour with the appended non-constant margin
for delivery of therapeutic radiation to the object of
interest and the surrounding tissue; and

a radiation delivery system which delivers the therapeutic
radiation according to the generated radiation therapy
plan.

12. A method for image segmentation of anatomical fea-

tures, comprising:

identifying a surface contour of at least one object of inter-
est from a multi-dimensional data set; and

determining a non-constant margin based on the identified
surface contour and at least one of surface motion and
surface morphology of the object of interest, the non-
constant margin being appended to the identified surface
contour;

wherein the non-constant margin is determined based on
anisotropic surface motion of the object of interest;

wherein the non-constant margin is wider in a direction
perpendicular to a direction of the motion than itisin a
direction parallel to the direction of the motion.
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